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$\mathrm{e}$
Aut(F) $\simeq S_{4}$ $\iota.\cdot=2,$ $.\cdot 3_{\dot{J}}4$
$\Gamma_{i}=\{\infty_{i-1}.\}$ $i-1\cup\Sigma_{j-1}$
(1) $\triangle_{i-1}=\Gamma_{i-1}$
(2) $G_{i-1}$ Aut -1) -1 $=I(G_{i-1})$
(3) $\triangle_{i-1}$
(4) $a\in\Delta_{i-1}$ $.\mathrm{J}^{\cdot}\in\triangle_{i-1}$ $c\ell^{\alpha}$
.
$=a$
(5 $|y\in\Sigma_{i-1}$. $[x_{7}y]\neq 1$ $[x, \approx]=1=[y, \sim.\sim]$ $\sim-\in$ -1
$(\mathrm{A}\mathrm{u}\mathrm{t}(\Gamma_{1})\dot{\prime}G_{1})=(\llcorner 6_{47}’ S_{4}),$ $(\mathrm{A}\mathrm{u}\mathrm{t}(\Gamma_{2}), G_{2})=(L_{2}(\acute{‘}) : 2_{\dot{J}}L_{2}(/)\sim)$ ,
$(\mathrm{A}\mathrm{u}\mathrm{t}(\Gamma_{3}), C_{3}J\}=(l^{\gamma_{3}}(\cdot.3) : 2, I/_{3}(\dagger.3))$ $\mathrm{A}\iota\iota \mathrm{t}(\Gamma_{4}\dot{)}\simeq J_{2}$ : 2
$\Gamma=\Gamma_{4}$ $\Gamma$ $1^{r},\cdot(\Gamma)$
$|.’(\prime 1^{\urcorner})$
$\bullet$ acoclique set: $X\subseteq V(\Gamma)$ $\prime_{)}.y\in X$ $d(\cdot\prime \mathrm{i}., y)=2$
c.oclique set
$\bullet$ an edge set: $d(x_{\}.y)=1$ $\prime J\ell$ $\in 1^{\Gamma},(\Gamma)$ $E\{x,y\}=\{\approx\in$
$V(\Gamma)|d(\mathrm{t}\prime \mathrm{r}$ , $=1$ =d( } edge set
$\bullet$ a neiglibor set: $N(x)$ $=\{y\in 1’/(\Gamma)|d(t\cdot, y)=1\}\text{ }\alpha\cdot\in \mathrm{f}^{\prime’}(\Gamma)\mathit{0}\supset$
neighbor set
$\bullet B(\mathrm{t}.l\cdot,\iota j)=N(_{i}^{\sim}.)\backslash E_{\{x.y\}}=\{y\}\cup\{\approx\in V(\Gamma)|cf(x, z)=1, cl(y, \approx)=2\}$
$\infty_{3}$ coclique set $-\lambda^{\gamma}$ $X$ $I(\mathrm{I}^{\prime_{3}}(3))$
$I(\mathrm{I}^{f_{3}}(.3))$
$V$ $(, )$ $\mathrm{F}_{9}=\{0, \pm 1$ . $\pm\cdot/.\cdot, \pm 1\pm\cdot i\}$ 3
$\mathcal{P}=\{[\cdot u]|0\neq\cdot u, \in \mathrm{t}^{\gamma}\}$ $[u]=\{\lambda u|\dot{\lambda}\in$
$\mathrm{F}_{9}\}$ non-isotropic $.lA$
$\sigma_{u}(w)=Jp[perp])-\frac{2(\prime u)_{\mathrm{t}}u)}{(\mathrm{s}x,\prime u)}.\cdot \mathit{1}L$
$\sigma_{[u]}$ : $\mathcal{P}arrow \mathcal{P}(\sigma_{[u]}([u)].)=[\sigma_{l4}(w)])$
$I(\mathrm{I}^{\Gamma_{3}}(3))=$ { $\sigma_{[u]}|(\cdot u$ ) $\neq 0$ }
7non-isotropic $u_{1},$ $u_{2}.\in V$
$(\cdot u_{1}, u_{2})=0\subset[\sigma_{[v_{1}]_{/}}.\cdot\sigma_{[v\underline{\mathrm{o}}]}]=1$
21. (1) $X\underline{\subseteq}V(\Gamma)$ lna,xilna4 cocfique set $|X|=4\dot,$ $6,7_{:}10$
(2) $|X|=10$ $\infty \mathrm{s}\in X$ $(\mathrm{t}’ \mathrm{t}))1=0$ 1’ $\in V$
$X=$ {\infty 3}\cup {\sigma [ $|(u_{i}$. $=0$ }
22. isotropic $1^{3\mathrm{o}\mathrm{i}_{11}\mathrm{t}\mathrm{s}}$ $(3^{3}.-(-1)^{3})(3^{2}-(-1)^{2})/(3^{2}-1)=2\mathrm{b}\urcorner$
$\infty \mathrm{s}$ size 10 coclique set 28
isotropic $\mathrm{t}’\in V$
$\tau_{\mathrm{t}^{1}}(\cdot\iota L\})=w+?.\langle u’,$ $\cdot \mathrm{t}’)\mathrm{t}’$
$\mathcal{P}$
$\eta_{\mathrm{L}^{1}}$ ] $\mathcal{T}[v]([\cdot \mathrm{t}^{1}])=[\tau_{v}(\mathrm{t}\mathrm{t}^{)})]$
3 non-isotropic .‘t\in l $=$ isotropic .$\mathrm{t}’$ $\in 1^{\prime^{\tau}}$.
$(u_{\}’\iota’)=0=[\sigma_{[v]}.\tau_{[\iota’]}]=1$
coclique 10 $X$
$X=$ {\infty 3}\cup {\sigma [u]|[\sigma [ $\eta_{v}]]=1$ }
\mbox{\boldmath $\tau$}[ $J_{2}$ $\tau[U]$ 10
$\tau[v]$ 2 $3\mathrm{A}$-class $J_{2}$ $3\mathrm{A}$





$\Gamma$ maximum coclique se $|D|=2\mathrm{S}0$
$\mathrm{F}_{2}$ code $C,10=\langle D\rangle$
823. $\emptyset\neq X\in C_{10}$.
(1) $|X|\geq 10$
(2) $|X|=10$ $X\in \mathfrak{D}$ $C_{10}$, weight 10 code-
words




25. $\mathrm{a}^{\mathrm{V}},$ $y\in V(\Gamma),$ $d(:\iota^{\mathrm{a}}, y)=1$
(1) $N_{1}’x)\in C_{10}$ .
(2) $E_{\{\alpha,y\}}.\in C_{10}.$ .
(3) $B(x, y)\in C_{10}.$ .
26. $\mathrm{I}\backslash ^{r}\mathrm{e}_{\nu}\mathrm{v}$-Moofi $J_{2}$ suborbit
binary code 100
$\langle N(x)|lA^{\cdot}\in 1^{\gamma}.(\Gamma)\rangle$ C $C_{A}$ doubly-even $[100\dot, 36_{\backslash }16]$
self-ortlzogonal code $C_{4}..$ . $\subset C_{10}$.
Tits [5] $J_{2}$ outer automorphism involution
27(Tits[5]). $\sigma\in \mathrm{A}\mathrm{u}\mathrm{t}(J_{2})\backslash J_{2},$ $o(\sigma)=2$
$i\iota\cdot,$
$y\in V(\Gamma)_{7}d(_{\sim}.\iota_{\mathrm{t}}.y)=1$ Fix(\sigma ) $=E\{x,y\}$
28. $C_{10}$. weight 14 codewords $E\{x,y\}$ $C_{10}=$
$\langle$ $E^{\prec}\{x\cdot,y\}|d(.d\cdot$ , $=1\rangle$
29. outer involution $2\mathrm{C}$-class
$C_{1\text{ }}\prime=\langle$ $\mathrm{F}\mathrm{i}\mathrm{x}(\sigma)|\sigma:$ 2C-class $\rangle$
$\mathfrak{B}=\{B(a^{l}, y)|a\cdot\cdot, y\in V(\Gamma), d(2^{\mathrm{z}},j\mathrm{t})=1\}$
210. $X=(V(\Gamma), \mathfrak{B})$ 2- $(100, 22, 16\mathrm{S})$ design Aut(X) $\simeq J_{2}$ : 2
a3 neighbors of $C_{10}$
$C_{10}$, singly-even self-dual code $\mathrm{d}\mathrm{o}\mathrm{u}\mathrm{b}1_{v}\backslash \gamma$-even subcode
$C_{10}$ neighbor
. 7?. self-dual code $C,$ $C’$ neighbor $\mathrm{d}\mathrm{i}_{\mathrm{l}}\mathrm{n}(C\cap C’)=$
$n/2-1$
3.1 (Brualdi-Pless [1]). $C$ $?$? singly-even self-dual code
$C_{0}$, $\mathrm{w}\mathrm{e}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}\equiv 0$ (nzod $4\grave{)}$ subcode
$C_{0}^{[perp]}’=C\prime 0\cup(\alpha_{1}+C_{0}’)\cup(\mathit{0}_{2}+C.\prime 0)\cup(\alpha_{3}+C_{0}:)$ .
$C_{\mathrm{O}}^{[perp]}/$ C coset $C=C,0\cup(c\mathrm{r}_{2}+C_{0}.)$
$r?\equiv 0$ (lnod 4) $C_{0}J\cup(c\mathrm{r}_{1}+C_{0}.)$ $C_{0}.\cup(c13+C_{\mathrm{O}}.)$ self-dual
code
$C=C_{10}$ 2 self-dual code
$S=(p1_{1}’+c_{(0}.)\cup(\mathfrak{a}_{3}+$




2 self.-duaJ codes X [100, 50, 16] code
$C_{16}’,$ $C_{16}’$,
32. $C_{1\mathrm{I}\supset}.\neg,$ $C_{1\overline{\mathrm{b}}}’’$. [100, 50. 16] self-dual code $\mathrm{A}\mathrm{u}\mathrm{t}_{1}(C_{16}.)=$
$\mathrm{A}\mathrm{u}\mathrm{t}(C_{1\mathrm{b}^{\neg}}’’)\simeq J_{2}$
$\sigma\in J_{2}$ : 2 $\backslash J_{2}$ C $=C_{16}’$.
$[100, 50]$ self-dual code minimum weight code
$[100, 50, 1\mathrm{S}]$
3.3. $[100, 50_{\backslash }. 18]$ self-dual code $C_{10}l,$ $C_{16\dot{l}}C_{16}’$. $\mathrm{n}\mathrm{e}\mathrm{i}\mathrm{g}t[perp] 1\supset \mathrm{o}\mathrm{r}$
10
4 fixed points set&self-orthogonal code





Gola.y $[24_{1}12., \mathrm{b}\urcorner]$ code $G_{24}$ $\lambda I_{22}:\underline{.)}$
[22, 11,6] code binary
code
$\lambda\prime I_{24}$ 24 $2\mathrm{A}$-class( $2^{8}$ type) $\mathrm{e}\mathrm{c}\mathrm{l}$ poin$[perp] \mathrm{t}\mathrm{s}$ set
Steiner system $S(5, \mathrm{S}, 24)$ $2\mathrm{B}$-class $2^{12}$ -type
$C_{\mathrm{T}}24=\langle$ $\mathrm{F}\mathrm{i}\mathrm{x}(\cdot n)|2\ell:$ 2A-cla.ss $\rangle$ = (Fix(u u $\in I(hI_{24})\rangle$
$C_{10}.$, $3\mathrm{A}$-class $2\mathrm{C}’$,-class(outer) fixed points set.
code involution
class $D$ $|$ Fix( $\cdot$u)l $\langle$Fix(u)lu\in D $\rangle$ dua.l
$2\mathrm{A}$ 20 [100, 37, 16] $[100_{\dot{J}} 63, (\backslash _{-}^{\urcorner}]$
$2\mathrm{B}$ $\mathrm{f}_{1}..\supset.\mathrm{f}$ $[100\eta 0]$ $[100, 100]$
$2\mathrm{C}$. 14 $C_{10}$ $C$.10
$C_{10}’=\langle \mathrm{F}\mathrm{i}\mathrm{x}(\iota\iota)|\cdot\iota\iota:2\mathrm{C}- \mathrm{c}1\mathrm{a}\mathrm{s}\mathrm{s}\rangle=\langle \mathrm{F}\mathrm{i}\mathrm{x}(\cdot l\mathit{4}\cdot)|\cdot u\in I(J_{2} : 2)\rangle$
$2\mathrm{A}- \mathrm{c}\mathrm{l}\mathrm{a}|\mathrm{s}\mathrm{s}$ [100, .37, 16] code $\langle C_{44\dot{t}}.1_{100}\rangle$
involufion code dual
. $G$ $\Omega=\{1,2, \cdots , n\}$
$C$ (G., $\Omega$ ) $=C(G, n)=\langle \mathrm{F}\mathrm{i}\mathrm{x}(\cdot\iota l)||\iota$. $\in I(G)\rangle^{[perp]}$
41.
$\bullet$ $C(J_{2},100)$ $[100, 63_{/}.8]$ code
7 I
. $C(J_{2} : 2_{\dot{J}}100)=C_{10}$
$aC.(\mathrm{A}I_{9}4,24)\sim=C724$. $C’(\mathrm{A}’,I_{22},22)=C(f\mathrm{t}’I_{22} : 2, 22)$ [22, 11,6] code
42. $C$ $n$ $\mathrm{s}\mathrm{e}\mathrm{l}\mathrm{f}.- 01^{\cdot}\mathrm{t}\mathrm{h}\mathrm{o}\mathrm{g}\mathrm{o}\mathrm{n}\mathrm{a}\mathrm{J}$ code $G=\mathrm{A}\mathrm{u}\mathrm{t}(C)$
$C\subseteq C(C\gamma, n.)$
Proof. $X\in C$ $\sigma\in I(G)$ $X\cap X^{\sigma}$
$\sigma$ $C$ ,$\mathrm{s}\mathrm{e}1\mathrm{f}- \mathrm{o}1^{\cdot}\mathrm{t}\mathrm{h}\mathrm{o}\mathrm{g}^{\neg}\mathrm{o}\mathrm{n}\mathrm{a}1$ $|X\cap X^{\sigma}|$
Fix(\sigma ) $X\subseteq X\cap X^{\sigma}$ $(X\cap X^{\sigma})\backslash (\mathrm{F}\mathrm{i}\mathrm{x}(\sigma)\cap X)$ $\sigma$
2 $|(X\cap X^{\sigma})\backslash (\mathrm{F}\mathrm{i}\mathrm{x}(\sigma)\cap X)|$
$|$ Fix(\sigma ) $X\in\langle \mathrm{F}\mathrm{i}\mathrm{x}(\sigma)|\sigma\in I(C_{7})\rangle^{[perp]}$
$C(G, \cdot/?)$ GC self-orthogonal code
43. $C(G, ?7)$ self-orth$\mathrm{l}\mathrm{o}\mathrm{g}.01’1\mathrm{a}1$ $C(C\tau, \eta.)$
$\{_{\mathrm{J}}^{\wedge}$
44. $C_{10}$. $J_{2}$ : 2 100 self.-duaJ code
$C$ ( $J_{2\}$ tOO) $[100_{\dot{l}}63\dot, \mathrm{S}]$ c.ode $J_{2}$ - 100 self-dual
code $C(J_{2?}100)$ $C(J_{2},100)$
45. J2J 100 setf-dual code $C_{10}.,$ $C_{16\backslash }C_{16}’$
$\mathrm{A}^{J}I_{22}$ 176
46. $G=\mathrm{A}f_{22}$ 176 $\Omega$
(1) $=$ ( $\Omega_{\backslash }$ {Fix(\sigma ) $|\sigma\in I(G)\}$ ) $2^{4}-(176,16,9)\mathrm{d}\mathrm{e}\mathrm{s}\mathrm{i}\mathrm{g}_{11}$ (with 1155 blocks)
Aut(I) $=\Lambda’I_{22}$
(2) $C(\lambda I_{22},176)$ [176, 22, 50] code $\mathrm{A}\mathrm{u}\mathrm{t}(C(\mathrm{i}|,\mathit{1}_{22},176))\simeq H^{\underline{\mathrm{C}}_{1}’}$,
4.7. $C(HS_{\tau}176\grave{)}$ $[176, \underline{?}2_{\}50]$ code $C(HS, 176)=$
$C,$ $(l|/I_{22\backslash }176)$ code Higman’s geollletry in-
cidence matrix code $HS$
176 self-dual code
12
4.8. $C(HS : 2, 100)$ [100, 22, 22] self-orthogonaJ code
$HS$ : 2 100 raaik3 ( $\mathrm{H}\mathrm{i}\mathrm{g}\mathrm{n}\mathrm{l}\mathrm{a}‘ 11$-Sims graph)
code Higman-Sims $HS$ : 2
$\mathrm{s}\mathrm{e}\mathrm{l}\mathrm{f}-\mathrm{o}\mathrm{r}\mathrm{t}\mathrm{h}\mathrm{o}\mathrm{g}\mathrm{o}\mathrm{n}\mathrm{a}\lambda$ code
4.9. $C(l\mathrm{t}lcL, 275)=C.(\Lambda/Ic.L : 2, 275)$ [275, 22, 100] code
$l\mathrm{t}IcL- \mathrm{g}_{1}\cdot \mathrm{a}\mathrm{p}\mathrm{h}$ code






(1) $\mathrm{A},I_{11}$ [132, 66, 6], $\lfloor$ $1.32_{\grave{l}}66,12$ ] self-dual code
(2) $\Lambda I_{12}$ : 2 [132, 66, 12] self-dual code
(3) $L_{3}(4)$ : $2^{2}$ $[112_{\}56,16]$ self-dual code
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